Compliance with diets containing different amounts of protein was studied in 15 nonobese type 2 diabetes patients (13 males aged 38-69 y). A method based on interviews and training in the technique of weighed diet records was used. Protein intake recorded by the patients was evaluated on the basis of 24-h nitrogen output (criterion standard measurement). Three diets were prescribed in random order, each lasting 4 wk: usual diet (UD), chicken diet (CD) (both with 1.2-1.5 g protein/kg body wt), and low-protein diet (LPD; with 0.5-0.8 g protein/kg body wt). Diets were isoenergetic and similar in fat content. Nutritional status was not altered during the study according to anthropometric indexes (body mass index, triceps skinfold thickness, midupper arm muscle area, and waist-to-hip ratio) and laboratory data (serum albumin, hematocrit, and lymphocyte values). The correlation of protein intake recorded on the weighed diet records with that estimated by nitrogen output was 0.64 for the UD (P = 0.01), 0.79 for the CD (P < 0.001), and 0.66 for the LPD (P = 0.008). No difference was found in mean protein intake (g/kg body wt) calculated from the weighed diet records and nitrogen output for the UD (1.37 compared with 1.36 g/kg body wt) and CD (1.38 compared with 1.32 g/kg body wt). With the LPD, patients did not consume more protein than prescribed, but underreported their actual protein intake by 13% (0.68 compared with 0.78 g/kg body wt, P < 0.05) . In conclusion, the method of weighed diet records was sufficiently accurate for assessing protein intake in this sample of type 2 diabetes patients.
INTRODUCTION
The benefits of low-protein diets (LPDs) in the treatment of diabetic nephropathy and other nephropathies have been established in the past few years (1) . LPDs reduce urinary albumin excretion in proteinuric (2, 3) and microalbuminuric type 1 diabetes patients (4, 5) . LPDs also decrease the rate of decline of the glomerular filtration rate in proteinuric type 1 diabetes patients (6, 7) . Unfortunately, compliance with this kind of dietary regimen is difficult to sustain for long periods of time (8) . An effect similar to that of LPDs could be obtained by changing the type of dietary protein consumed. We reported previously that a chicken and fish diet reduces the glomerular filtration rate in normoalbuminuric type 1 diabetes patients in the same way as an LPD (9) . This type of intervention might represent an alternative to LPDs in diabetic patients with renal disease.
Diet histories, 24-h recalls, food-frequency questionnaires, weighed diet records, and food diaries have been used in epidemiologic and clinical research to assess the dietary intake of individuals (10) (11) (12) (13) (14) . However, all the information must be given by the subjects themselves, and this information may be incorrect. Therefore, the need for improved dietary assessment methods has been stressed repeatedly in the past several years (15, 16) .
The measurement of 24-h urinary nitrogen excretion is a reliable index that could be used to evaluate protein intake. However, there is no biochemical index for analyzing the source of protein of animal origin eaten. Therefore, one must rely on the patient's information to assess the source of protein. Accord between total protein intake evaluated by dietary assessment methods and that calculated by nitrogen output indicates that the patient's information is reliable. The aim of this study was to analyze in type 2 diabetes patients the accuracy of weighed diet records in evaluating compliance with diets containing different amounts of protein.
effect of three different diets on renal function. Inclusion criteria were as follows: BMI (in kg/m 2 ) < 30 (a strong agricultural worker with a BMI of 30.7 was included), good compliance with diabetes treatment (ie, patients who kept regular office appointments, took diabetes medications regularly, and self-monitored their blood glucose concentrations), and absence of severe nephropathy (serum creatinine > 221 µmol/L), urinary tract infection, other renal diseases, symptomatic autonomic neuropathy, untreated ischemic heart disease, and cardiac failure. Before the beginning of the experimental period, the patients entered a 2-mo run-in period during which they were helped to achieve the best possible metabolic control through dietary adjustments and oral hypoglycemic agents, insulin, or both. The dietary adjustments were designed to meet the recommendations of the American Diabetes Association as closely as possible (17) . However, usual protein intake (1.2-1.5 g/kg body wt) was maintained. This diet was considered the usual diet (UD).
Training
Patients were trained for Ϸ2 mo during the run-in period. They were issued commercial scales (1-125 g) and measuring glasses (25-250 mL). A detailed explanation was given to each subject and the weighing technique demonstrated; the procedure was then repeated by the patient in the presence of the investigator to ensure that the patient was competent in the technique. During this period patients were asked to keep 4-d weighed diet records on two occasions, and 24-h urinary urea was measured during the second period. The patients' performances were discussed with them during the interviews.
Research design and diet prescription
This study followed a randomized, crossover, clinical trial design. The protocol was approved by the University Hospital Ethics Committee and patients gave their informed consent to participate in the study. Each patient was assigned to follow three diets in a random order for a 4-wk period each in one of the following sequences: 1) UD, LPD, chicken diet (CD); 2) UD, CD, LPD; 3) LPD, UD, CD; 4) LPD, CD, UD; 5) CD, LPD, UD; or 6) CD, UD, LPD. After each diet the patients underwent a 4-wk washout period during which they maintained their UD. All diets were isoenergetic. The protein content of the LPD diet was 0.5-0.8 g ؒ kg Ϫ1 ؒ d Ϫ1 (vegetable and milk protein sources only). The composition of this diet was 10% (8-12%) protein, 31% (28-34%) fat, and 59% (54-62%) carbohydrate (percentage of total energy). The CD was created by replacing the red meat of the UD with chicken meat (skinless leg quarter). The other constituents of this diet were the same as prescribed in the UD. Nutrient intake was calculated by using computerized software based on nutrient composition data derived from American tables (18) .
Compliance assessment
Compliance was assessed by means of 2-d weighed diet records on two occasions: the end of the second and the fourth weeks. Patients collected 24-h urine samples so that urinary urea and creatinine could be measured on the same days as the weighed diet record and were not informed about the purpose of urine collection to ensure that they were accurately recording what they were eating. The measurement of 24-h urinary nitrogen output was considered the criterion standard for measurement of protein intake. 2 Significantly different from UD and CD, P < 0.001 (Friedman's ANOVA and least-significant-difference test). 3 Significantly different from UD, P < 0.001 (Friedman's ANOVA and least-significant-difference test).
Anthropometric assessment
The body weight and height of patients (without shoes or coats) were obtained with an anthropometric scale, with measurements recorded to the nearest 100 g for weight and to the nearest 0.1 cm for height. Body mass index (BMI, in kg/m 2 ) was then calculated. Triceps skinfold thickness was measured at the midpoint of the back of the upper left arm, between the acromion process and the tip of the olecranon, while the arm was hanging relaxed. To mark the midpoint, the left arm was bent 90°at the elbow and the forearm was placed palm down across the body. The measurement of midupper arm circumference was performed at the same midpoint. Midupper arm muscle area was obtained by appropriate calculations according to Frisancho's indexes by computerized nutrition software (Sistema de Apoio em Nutrição; Centro de Informática em Saúde, Escola Paulista de Medicina; São Paulo, Brazil). Waist circumference was measured midway between the lowest rib margin and the iliac crest, near the umbilicus. Hip circumference was taken at the maximal gluteal protrusion (lateral view). Flexible, nonstretch fiberglass tape was used for these measurements.
Laboratory measurements
Urinary urea was measured by an enzymatic ultraviolet method with commercial kits (Labtest Sistemas Diagnósticos Ltda, Belo Horizonte, Brazil). With use of two frozen pools of urine with low (5.0 mmol/L) and high (12.0 mmol/L) urea concentrations, the CVs obtained after 20 measurements on different days in our laboratory were 3.8% (low) and 3.1% (high). Assuming nitrogen balance, the 24-h nitrogen output was obtained according to the formula NI = UUN + NUN, where NI is nitrogen intake, UUN is urinary urea nitrogen (urea/2), and NUN is nonurinary nitrogen (0.031g/kg). Protein intake was calculated as NI ϫ 6.25 (19, 20) . Glucose was measured by the glucose-oxidase method, glycated hemoglobin by agarose gel electrophoresis (Celm, Barueri, Brazil; normal range: 6.0-9.2%), and fructosamine by a colorimetric method (nitroblue tetrazolium reduction; Labtest Sistemas Diagnósticos Ltda; normal range: 1.87-2.87 mmol/L). Creatinine was determined by Jaffé's reaction, phosphate by an enzymatic method, serum albumin by the bromocresol green technique, and total serum proteins by the biuret colorimetric method.
Statistical analysis
Data were analyzed by using the following parametric or nonparametric tests as appropriate: Pearson's correlation, Spearman's correlation, Wilcoxon U test, Friedman's analysis of variance, and the least-significant-difference, multiple-comparison test. Values are expressed as medians or means ± SDs and P < 0.05 was considered significant. SPSS software (SPSS PROFES-SIONAL STATISTICS, version 7.5; SPSS Inc, Chicago) was used to perform the analyses.
RESULTS

Patients
The baseline clinical characteristics and metabolic control indexes of the patients are shown in Table 1 and Table 2 , respectively. The patients were predominantly men, nonobese, and most were using an oral hypoglycemic agent for diabetes treatment. One patient received propranolol and another was receiving oral nitrate treatment. Five patients were treated with calcium channel antagonists. The group as a whole was under relatively good metabolic control, without overt hyperlipidemia. Only one patient had a triacylglycerol concentration > 2.26 mmol/L and two other patients had total cholesterol concentrations > 5.66 mmol/L. 2 Significantly different from UD and CD, P < 0.001 (Friedman's ANOVA, least-significant-difference test, and Wilcoxon test).
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3 Significantly different from weighed diet record, P < 0.05 (Friedman's ANOVA, least-significant-difference test, and Wilcoxon test).
Dietary and nutritional data
The composition of the diets, estimated from the weighed diet records, is shown in Table 3 . Protein intake was reduced by Ϸ50% during the LPD and, consequently, carbohydrate intake was significantly higher for the LPD than for the UD or CD, with no significant differences between the UD and CD. The ratio of polyunsaturated to saturated fatty acids (P:S) was higher in the LPD and CD than the UD. The P:Ss of the CD and LPD were not significantly different. Patients recorded lower intakes of cholesterol and phosphorus with the LPD than with the UD or CD, without any significant difference between the UD and CD. There was no significant difference among the three diets for intakes of energy, fat, and calcium.
During the 5 mo of the experiment, nutritional status estimated by anthropometric and biochemical indexes was unchanged ( Table 4) . A significant but small decrease in body weight was observed after the LPD compared with the UD; there was no significant difference in body weight between the LPD and the CD.
Protein intake according to weighed diet records and nitrogen output is shown in Table 5 . The means obtained by the two methods were not significantly different with the UD and CD, but with the LPD the protein consumption recorded by the patients was lower than that measured by nitrogen output. However, the dietary prescription of consuming 0.5-0.8 g protein ؒ kg Ϫ1 ؒ day Ϫ1 for the LPD was followed. The correlations between mean protein intake estimated by weighed diet records and nitrogen output during each diet are shown in Figure 1 . There was a strong correlation between these methods for the three diets.
The weak but significant correlation between protein intake and urinary phosphate output obtained at the end of each diet is shown in Figure 2 . This confirms the lower intakes of phosphorus reported by the patients with the LPD (Table 3) .
DISCUSSION
In the present study, protein intake from three different diets was properly assessed by weighed diet records: there was a high correlation between this assessment and protein intake estimated by 24-h nitrogen output. Although the 24-h nitrogen output measure used to validate the weighed diet records confirmed the protein intakes reported for the UD and CD, there was a 13% underreporting of protein intake with the LPD. Underreporting of protein intake was described during usual diets in previously obese individuals (21) and in overweight subjects (22) when their intakes were assessed by use of weighed records. In the present study, type 2 diabetes patients underreported their protein intake only for the LPD. In another study, a 30% underestimation of protein intake was observed in normal subjects consuming an LPD (23) . This greater underestimation compared with our study could be related to a short period of training and the fact that food weighing was not always performed. It is well known that an LPD is difficult to comply with, even for short periods of time. Patients tend to increase their protein intake above the dietary prescription and fail to acknowledge this or feel ashamed of reporting it. This should be taken into account FIGURE 1. Correlation between protein intake estimated by weighed diet records (WDR) and nitrogen output (NIO). n = 15. For the usual diet, r = 0.64, P = 0.01; for the chicken diet, r = 0.79, P < 0.001; for the low-protein diet, r = 0.66, P = 0.008.
FIGURE 2.
Correlation between protein intake estimated by nitrogen output (NIO) and 24-h urinary phosphate of patients during consumption of the usual diet, the chicken diet, and the low-protein diet. n = 45; r s = 0.38, P = 0.01. when evaluating clinical or biochemical outcomes of patients consuming LPDs. Despite underreporting in the present study, however, the upper limit of prescribed protein intake was not exceeded by the patients.
The modifications recorded by the patients in intakes of protein, carbohydrate, phosphorus, and cholesterol and in the P:S with the LPD were predictable. Also, as expected, total energy and fat and calcium intakes did not change significantly during the three diets. Underreporting of energy intake is the most frequently observed bias when comparing energy intake assessed by traditional methods with that assessed by the more recent method of estimating energy expenditure by doubly labeled water (24, 25) . However, in this study the patients recorded the same pattern of energy intake at six times during the three diets for the 5-mo period of study. These findings, combined with the fact that nutritional status assessed by anthropometric and laboratory indexes did not change throughout the study period, make it unlikely that energy intake was underreported.
Training patients in the weighing technique before the start of the study probably improved data collection during the experimental period. During interviews in the training period, patients were instructed not to change their living or dietary habits when asked to weigh their foods. Thus, when the study began the patients were already used to weighing their food. Patients were instructed to weigh their food on 2 nonconsecutive days in the middle and 2 consecutive days at the end of the period of each diet. This may have had a positive effect in motivating subjects regarding the weighing technique. It has been recommended that the assessment of actual intake be performed on multiple, nonconsecutive days in a random order (26) . On the other hand, weighed records during a period of consecutive days have been associated with less motivation and lower accuracy (27) . Recently, 2 d of weighing were considered sufficient for ascertaining food intake of patients with type 1 diabetes (28) . Taking all of these considerations into account, it is likely that the results reflect the actual dietary intake of the patients. In conclusion, dietary assessment by the method presented, with training provided to the subjects, frequent interviews, and weighed diet records, is sufficiently accurate for assessing protein intake in studies of patients with well-controlled type 2 diabetes.
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